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INTRODUCTION 


Exposure  of  personnel  to  anticholinesterase  ner\e  agents  such  as  soman  produces  ccxitraction  of  bronchial  snnooth 
muscle,  thus  increasing  airway  resistance.  Increase  in  airway  resistance  leads  to  wheezing  and  shortness  of  breath  which 
in  severe  cases  may  be  life-threatening  (1-5).  The  contraction  of  airway  smooth  muscle  by  soman  and  similar  agents  is 
due  to  the  accumulation  of  acetylcholine  released  from  parasympathetic  nerves  which  supply  the  main  neuronal  drive  in 
human  airways.  The  accumulation  of  acet}'lcholine  is  due  to  the  inhibition  by  scnnan  of  ^olinesterases  which  would 
normally  inactivate  the  acetylcholine  by  hydrolysis. 

Because  these  agents  increase  the  accumulation  of  acetylcholine  at  its  receptors,  the  drug  of  choice  in  treating  nerve 
agent  poisoning  has  been  the  muscarinic  antagomst  atropine  (2).  Recently,  however,  investigators  have  been  studying 
other  drugs  as  possible  therapeutic  agents.  One  such  class  of  compounds  has  been  the  beta-2  adrenergic  receptor 
ag^riusts  ^iiied  by  isr^rotemol.  These  drugs,  which  have  long  been  used  in  the  treatment  of  respiratory  diseases  such 
as  asthma,  have  also  been  shown  to  functionally  antagonize  cholinergic  responses  (6).  Animal  models  have  shown  that 
isoprotemol  will  reverse  the  contraction  produced  by  soman  in  both  canine  (7)  and  guinea  pig  (8)  airways.  Differences 
between  the  reversal  produced  by  isoprotemol  are  apparent  between  canine  and  guinea  pig  airways.  In  canine  airways, 
the  isoprotemol  relaxation  was  rapidly  reversed  and  the  response  showed  tachyphylaxis  in  that  subsequent  addition  of 
isoprotemol  produced  no  relaxation  (7).  In  contrast,  the  relaxations  produced  by  isoprotemol  were  longer  lasting  in  the 
guinea  pig  and  were  reproducible  upon  further  application  of  isoprotemol  (8).  Few  studies,  however,  have  examined  the 
effects  of  nerve  agents  in  human  isolated  airways;  thus,  it  is  unknown  whether  the  animal  studies  represent  the  human 
condition.  This  study,  therefore,  examined  the  ability  of  soman  to  contract  human  isolated  bronchi  in  vitro  and  the 
ability-  of  isoprotemol  to  relax  soman-contracted  airways. 
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METHODS 


Human  bronchus. 

Macroscopically  normal,  human  lung  tissue  was  obtained  from  wgan  donors.  The  average  age  of  the  organ  donors  was 
3^4  years;  three  were  male  and  six  were  female.  The  cause  of  death  was  primarily  head  trauma  firom  motor  v^cle 
accidents  or  gunshot  wounds  and  from  cerebrovascular  incidents.  The  organ  doncM*  specimens  were  placed  in  Viaspan 
(Dupont  Merck  Pharmaceuticals,  Wilmington,  DE)  at  and  transferred  overnight  to  the  laboratory.  On  arrival  at  the 
laboratory,  the  specimens  were  placed  in  a  Krebs'  solution  gassed  with  95%  oxygen  and  5%  carbon  dioxide  at  4'’C. 
Bronchi  (S-10  mm  i.d)  were  trimmed  of  surrounding  parenchyma  and  blood  vessels.  The  bronchi  were  cut 
longitudinally  and  prepared  as  transverse  strips  4-5  mm  wide.  The  bronchi  were  suspended  between  platinum  ring 
electrodes  in  10  ml  organ  baths  containing  Krebs'  solution.  The  tissues  were  connected  to  Grass  FT03  force  transducers 
for  the  measurement  of  isometric  tension  which  was  recorded  on  a  Gould  polygraph.  The  electrodes  were  connected  to  a 
Grass  S44  stimulate  whose  output  was  passed  through  a  Medlab  Stimu-splitter  (Fort  Collins,  CO)  for  measurement  of 
cunent  across  the  electrodes  and  for  signal  amplification.  The  cunent  applied  in  these  experiments  was  200-300  mA. 
Prq>arations  were  suspended  at  an  initial  tension  of  2g  and  washed  with  fresh  buffer  every  1 5  min  fcr  a  60  min 
equilibration  period. 

After  the  equilibration  period,  tissues  were  either  left  unstimulated  or  stimulated  continuously  (0.5  Hz,  1  ms,  12  V). 
Soman  ( 1  -2  pM)  was  then  added  to  the  baths.  After  the  soman-induced  contraction  had  reached  a  plateau,  isoprotemol 
(1  pM)  was  added  and  the  tension  was  observed  until  it  returned  to  the  pre-isoprotemol  level  or  for  1 20  min.  At  this 
point  barium  chloride  (30  mM)  was  added  to  maximally  contract  the  tissues.  In  some  tissues  which  showed  rapid 
reversal  of  the  relaxation  to  isoprotemol,  the  ability  of  AFDX-1 16  to  potentiate  the  duration  of  the  isoprotemol-induced 
rela.xation  was  studied.  In  this  set  of  experiments,  two  control  relaxations  to  isoprotemol  were  obtained.  AFDX-1 16(1 
pM)  was  then  added  5  min  before  isoprotemol.  Once  the  relaxatimi  to  isoprotemol  was  completely  reversed,  10  pM 
AFDX-1 16  was  added  5  min  before  another  addition  of  isoprotemol.  When  tension  had  returned  to  baseline,  barium 
chloride  was  added  to  maximally  contract  the  tissues. 

Data  analvsis- 

Contractions  induced  by  soman  (a)  were  expressed  as  a  percentage  of  the  maximum  contraction  produced  by  barium 
chloride  (c)  (Figure  1 ).  Relaxations  by  isoprotemol  (b)  are  expressed  as  a  percentage  of  the  contraction  by  soman  (a).  A 
percentage  greater  than  100  therefore  indicates  that  the  relaxation  to  isoprotemol  was  greater  than  the  contraction  by 
soman.  The  duration  of  the  relaxation  by  isoprotemol  is  calculated  as  the  50%  recovery  time,  that  is  the  time  taken  for 
the  rela.xation  by  isoprotemol  to  become  half  of  the  maximal  relaxation. 


DrugL 

All  dmgs  were  obtained  fixim  the  Sigma  Chemical  Co  (SL  Louis,  MO)  and  prepared  fresh  daily. 

Soman  was  obtained  from  the  US  Army  Chemical  Research  Development  and  Engineering  Center,  Aberdeen  Proxing 
Ground,  MD  21010-5425. 
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RESULTS 


Figure  1  shows  that  addition  of  soman  to  the  tissue  chamber  produced  contracture  after  a  short  latency.  This  is 
designated  as  "a."  Application  of  1  /iM  isoproterenol  produced  relaxation  of  the  muscle  tension;  the  magnitude 
of  the  isoproterenol-induced  relaxation  is  designated  as  "b."  The  maximum  contraction  obtained  with  each 
tissue  was  determined  by  the  addition  of  barium  chloride  (30  mM)  at  the  end  of  the  experiment.  This  is 
designated  as  "c."  Contractions  produced  by  barium  chloride  were  always  greater  than  those  obtained  in  the 
presence  of  soman  alone.  Figure  1  shows  that  isoproterenol  relaxed  the  tension  below  the  baseline,  i.e.,  before 
addition  of  soman.  In  unstimulated  human  bronchi,  soman  (1-2  p.M)  produced  either  no  response  (n  =  3)  or  a 
small  contractile  response  (n=3).  In  those  tissues  that  contracted,  the  response  to  soman  application  averaged 
28+.5%  of  the  maximum  response  produced  by  barium  chloride.  The  response  to  barium  chloride  averaged 
1 .80+.0.4  g  in  these  tissues.  In  the  three  preparations  that  contracted  upon  exposure  to  soman,  isoproterenol 
(1  fiM)  relaxed  the  tension  below  that  of  the  pre-soman  tension  (Figure  2A).  These  relaxations  were 
1  83 +.26%  of  the  tension  produced  by  soman.  The  50%  recovery  time  for  the  isoproterenol-induced  relaxation 
was  77+.21  min  in  these  tissues. 

In  tissues  continuously  stimulated  by  EFS  (0.5  Hz,  1  ms,  12  V),  8  out  of  the  12  preparations  showed  no 
contraction,  whereas  4  showed  a  small  contraction  that  subsided  over  time.  The  strength  of  this  contraction  at 
its  peak  averaged  6+.2%  of  the  maximum  response  produced  by  barium  chloride.  Despite  the  observation  that 
the  majority  of  tissues  continuously  stimulated  failed  to  show  a  contraction  to  EFS,  they  all  subsequently 
contracted  in  the  presence  of  soman  (Figures  2  &  3),  and  isoproterenol  (1  /iM)  elicited  relaxations  in  al;  of 
these  tissues.  However,  the  duration  of  the  isoproterenol  relaxation  was  quite  variable.  Three  types  of 
responses  to  isoproterenol  were  noted:  (1)  relaxation  with  no  reversal  for  1  20  min  (n  =  3)  (Figure  2B);  (2) 
relaxation  with  slow  reversal,  having  a  50%  recovery  time  of  106+.12  min  (n  =  6)  (Figure  2C);  (3)  rapid  reversal 
with  50%  recovery  time  of  Hjf  1  min  (n  =  3)  (Figure  3). 

In  tissues  that  did  not  exhibit  reversal  of  relaxation,  soman-induced  contractures  averaged  29±.7%  of  the 
response  to  barium  chloride.  The  response  to  barium  chloride  in  these  tissues  was  0.8+.0.28  g.  Relaxations 
produced  by  isoproterenol  averaged  214+.38%  of  the  soman  contractions.  In  tissues  showing  slow  reversal  of 
relaxation,  the  contracture  induced  by  soman  averaged  39+.7%  of  the  response  to  barium  chloride.  The 
response  to  barium  chloride  in  these  tissues  was  1 .87+.0.04  g,  and  isoproterenol  produced  relaxations  averaging 
160+.14%  of  the  tension  produced  by  soman.  In  tissues  exhibiting  rapid  reversal  of  the  isoproterenol-induced 
relaxation,  the  contraction  produced  by  soman  averaged  39+.5%  of  the  response  to  barium  chloride.  The 
response  to  barium  chloride  in  these  tissues  was  1 .83+.0.2  g,  and  isoproterenol  produced  relaxations  averaging 
]98+.7%  of  the  soman-induced  contractions. 

The  effect  of  AFDX-116,  a  muscarinic  Mj  receptor  subtype  antagonist,  on  the  duration  of  the  relaxation 
produced  by  isoproterenol  was  examined  in  the  group  exhibiting  rapid  reversal  of  the  isoproterenol-induced 
relaxation.  A  initial  application  of  isoproterenol  (1  (M)  had  a  50%  recovery  time  of  14^1  min,  and  a  second 
application  of  isoproterenol  (1  ^M)  exhibited  a  50%  recovery  time  of  13j+l  min  .  AFDX-1 16  (1  /xM)  had  little 
effect  on  the  50%  recovery  time  for  a  third  application  of  isoproterenol  (1 5±2  min),  whereas  AFDX-1 16  (10 
/xM)  produced  a  doubling  of  the  50%  recovery  time  for  a  fourth  application  of  isoproterenol  (28ji2  min) 

(Figure  3).  In  2  out  of  the  3  preparations,  AFDX-116  (10/xM)  produced  a  small  relaxation  (8%  of  that 
produced  by  isoproterenol),  suggesting  that  at  this  concentration  AFDX-1 1 6  had  an  effect  on  both  Mj  and  Mj 
muscarinic  receptor  subtypes. 
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DISCUSSION 


The  results  of  the  present  study  show  that  soman  is  capi>ble  of  contracting  human  isolated  bronchi.  This  is  in  agreement 
with  animal  studies  where  soman  has  been  shown  to  contract  the  isolated  airw  ays  from  sexeral  species  including  canine 
(7),  guinea  pig  (9)  and  rat  (10).  The  results  with  unstimulated  tissues  indicate  that  the  release  of  acetylcholine  in  these 
tissues  is  \-ariablc  and  is  in  agreement  w  ith  studies  which  have  shown  that  atropine  has  little  effect  on  intrinsic  tone  in 
human  airways  (1 1).  Soman,  howe\er,  contracted  all  the  tissues  that  were  continuously  stimulated  at  low  frequency  (0.5 
Hz),  e\  en  those  tissues  that  show  ed  no  contractile  response  to  this  stimulation  in  the  absence  of  soman.  It  w  ould. 
therefore,  seem  prudent  that  this  procedure  be  used  in  subsequent  studies  in  human  bronchi  w  here  the  effect  of  soman 
and  similar  agents  is  to  be  studied. 

The  bela-2  adrenergic  receptor  agonist  isoprotemol  was  able  to  relax  all  the  tissues  which  exhibited  contractions  by 
soman.  In  each  case,  the  relaxation  by  isoprotemol  was  greater  than  the  contraction  by  soman,  indicating  that 
isoprotemol  w  as  able  to  functionally  antagonize  both  the  cholinergic  response  due  to  soman  and  the  noncholinergie 
intrinsic  tone  which  is  pronounced  in  human  isolated  bronchi  (II).  The  relaxations  prixluced  b\  isi'protemol  were  on 
the  whole  long-lasting;  in  9  out  of  1 2  preparations  studied  the  50%  reco\  er\’  time  w  as  greater  than  60  min.  In  this 
respect,  the  response  to  isoprotemol  in  human  airways  is  more  like  the  guinea  pig  ainvays  which  show  slower  reco\  ery 
of  the  isoprotemol  relaxant  response  than  do  canine  ainvays  (7).  In  3  out  of  1 2  tissues,  the  re\  ersal  of  the  isoprotemol 
response  w  as  fairly  rapid  although  still  slower  than  that  obsened  in  canine  ainvays.  In  the  latter  group,  the  addition  of 
another  dose  of  isoprotemol  produced  a  relaxation  similar  to  the  first  relaxation.  Although  these  findings  are  similar  to 
those  obsen  ed  in  the  guinea  pig,  they  difler  markedly  from  the  results  obtained  in  the  canine  ainvay  w  here  the 
subsequent  addition  of  isoprotemol  had  no  effect  (7).  Also  in  agreement  w  ith  the  study  on  guinea  pig  ainvays,  the  M2 
muscarinic  receptor  antagonist  AFDX-1 16  prolonged  the  relaxation  elicited  by  isoprotemol. 

The  reversal  of  the  isoprotemol  relaxation  may  be  due  to  a  number  of  factors: 

1 .  Tachvphylaxis.  Beta-2  adrenoceptors  have  been  shown  to  be  desensitized  by  repeated  administration  of  an  agonist. 
The  continued  presence  of  isoprotemol  in  the  bath  may  therefore  produce  internalization  of  receptors  or  other  events 
which  produce  tachvphylaxis.  In  the  present  study  this  is  unlikely  to  be  tlie  case,  as  repeated  administration  of 
isoprotemol  produced  similar  results. 

2.  Breakdown  of  the  isoprotemol.  Isoprotemol  can  be  rapidly  reduced,  leading  to  loss  of  activity.  This  would  not 
explain,  how  ever,  how  the  duration  of  the  response  to  isoprotemol  is  cnlianced  by  AFDX- 1 16. 

3.  Functional  antagonism.  Isoprotemol  produces  relaxations  of  airw  ay  smooth  muscle  by  activating  adenylate  cyclase 
leading  to  increased  cyclic  AMP,  w  hereas  stimulation  of  muscarinic  receptors  produces  the  opposite  effect  and  will  thus 
tend  to  oppose  relaxations  elicited  by  i.soprotemol  (12-14).  The  ability  of  AFDX-1 16  to  prolong  relaxations  to 
isoprotemol  suggests  that  M2  receptors  may  be  involved  in  this  fiinctional  antagonism.  Supporting  this  argument  is  the 
finding  of  Fernandes  et  al.  (15)  which  showed  that  isoprotemol-induccd  relaxations  of  methacholine-induced  tone  in 
canine  trachea  were  augmented  by  AFDX-1 16. 
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CONCLUSIONS 


The  human  isolated  bronchus  serves  as  a  very  useful  model  system  to  study  the  effect  of  nerve  agents  such  as  somaa 
Moreover,  beta-2  adrenergic  agmiists  may  serve  as  useful  adjtmcts  to  conventicmal  atropine  therapy  in  the  treatment  of 
nerve  agent  poisoning,  furthermore,  the  usefulness  of  beta-2  agonists  may  be  enhanced  by  M2  antagonists.  Additional 
studies  should  be  carried  out  on  human  airways  to  examine  further  possibilities  for  treatment  of  nerve  agent  poisoning. 
These  might  inclwte  evaluation  of  new  longer  acting  6ebi-agonists,  calcium  channel  blockers  and  potassium  charmel 
activates. 
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Figurel.  Diagram  of  research  protocol.  Soman  was  added  to  either  unstimulated  or  stimulated  (0.5  Hz,  I  ms, 
1 2  V  continuously)  human  bronchus.  The  contraction  by  soman  is  designated  'a’.  Once  the  contraction  b>' 
soman  has  reached  a  plateau  1  pM  isoprotemol  was  added.  The  relaxation  to  isoprotemol  is  designated  *b’. 
At  the  end  of  the  experiment  tissues  were  maximally  contracted  to  30  mM  barium  chloride.  This  maximum 
contraction  is  designated  V. 


6 
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Figure  2.  Representative  tracings  of  responses  to  soman  and  subsequent  relaxations  to  isoprotemol  in  human 
isolated  bronchi.  A)  Response  to  stnnan  in  an  unstimulated  tissue  and  subsequent  relaxation  to  soman.  B). 
Response  to  soman  in  a  ctmtinuously  stimulated  tissue  (O.S  Hz,  1  ms,  1 2  V)  in  which  the  relaxation  to 
isoprotemol  was  maintained  for  over  120  min.  C).  Response  to  soman  in  a  continuously  stimulated  tissue  (O.S 
Hz,  1  ms,  12  V)  in  which  the  relaxation  to  isoprotemol  returned  to  baseline. 
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ISOPROTERNOL  (l;iM) 


Figure  3.  Representative  tracing  of  contraction  by  soman  in  a  continuously  stimulated  (0.5  Hz,  1  ms,  1 2  V) 
human  isolated  brtmchus  in  which  the  relaxation  to  isoprotemol  was  rapicUy  reversed.  AFDX-1 16(10  pM) 
caused  the  relaxation  to  isoprotemol  to  be  doubled  in  duration  compared  to  the  two  pre\ious  control  additions 
of  isoprotemol. 
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